The planetary boundary layer (PBL) over the Tibetan Plateau (with a mean elevation about 4 km above sea level) reaches an unmatched height of 9515 m above sea level. The proximity of this height to the tropopause facilitates exchange between the stratosphere and the boundary layer. However, the underlying mechanisms responsible for this unique PBL have remained uncertain. Here, we explore these mechanisms and their relative importance using measurements of the PBL, the associated surface fluxes, single-column and regional numerical simulations as well as global reanalysis data. Our results indicate that the dry conditions of both ground soil and atmosphere in late winter cannot explain the special PBL alone. Rather, the results from 
Introduction

48
The planetary boundary layer (PBL) is the lowest layer of the atmosphere and is in contact with 
59
In the past two decades, several comprehensive field experiments have been conducted to ana-60 lyze the land surface processes and the structure of the PBL over the TP (Yanai et al. 1992 ; Yanai length was calculated with a method previously described by Yang et al. (2003) .
147
Here we determined the Rs PBL depth using the parcel method, which is known to yield reliable 
where Θ is the potential temperature; u(z) and v(z) are the zonal and meridional velocity com-155 ponents, respectively; and g is the acceleration due to gravity, i.e., 9.8 m s −2 . We computed Ri B
156
based on surface information from the lowest level of the sounding data.
157
The bulk Richardson number PBL depth, following Troen and Mahrt (1986) , is defined as the 158 height at which Ri B reaches a critical value (≈ 0.25) (Seidel et al. 2012 ; Xie et al. 2003) . Generally,
159
a Ri B smaller than this critical value is considered to be a condition for turbulence associated with 160 the dynamical instability of the atmosphere (Nath et al. 2010 shallow entrainment layer and specifying the stability of the overlying free troposphere γ.
172
The model accounts for the effects of convective and mechanical turbulence and has been used time to the time when the ML top is to be determined (due to missing data γ is often assumed to 178 be constant). The latter is then calculated by integrating the equation for the ML growth rate:
where κ = 0.4 is the von Karman constant and A = 0.2, B = 2.5 and C = 8 are model parameters.
180
These enter the model through an energy budget equation for the mixed layer, in order to estimate 181 the heat flux from above the boundary layer through entrainment. are then calculated on the 60 original hybrid model levels (reaching from the surface to 0.1 hPa).
216
PBL depth in ERA-Interim is also diagnosed using the bulk Richardson number method with a 
Results
222
In this section, we first present the seasonal cycle of PBL depth over Gerze station derived 223 from ERA-Interim data and compare it to the radiosonde data (Sect. 3a is shown in Fig. 1 .
236
The PBL depth derived from the soundings during the three intensive observation periods (IOP It is therefore concluded that the surface data cannot explain the differences in PBL depth be-288 tween the IOPs nor the differences within IOP 1 when the particularly deep PBLs are observed.
289
Other mechanisms than surface energy fluxes must consequently be responsible for the strong 290 growth rate of the PBL over the TP in winter. These will further be explored in the following 291 section. 
309
In the 'sea level' simulation (simulation B) the location is assumed to be at 1000 hPa, which 310 results in a higher density of ρ = 1.25 kg m −3 . A standard free troposphere stability of γ = 0.01 (to increase mechanical mixing, simulation C) by a factor of three, the ML depth does not grow 334 substantially higher than the typical 1000 m. Therefore, the hypothesis that the low air density 335 over the TP might be the reason for the deep PBL can be rejected.
337
The stability of the overlying free troposphere (γ), finally, produces an appreciably deep PBL under the conditions of the wintertime TP.
354
The importance of residual layer stability on the PBL growth has been discussed in the litera- 
359
An analysis of the stability variations for the three IOPs reveals that relevant tropospheric vertical 360 profiles (e.g., potential temperature and static and dynamic stability) are distinct during the three 361 periods (not shown). For most of the days during IOP1 the observed lapse rate is very close to the 362 dry adiabate for (at least) some 2 km above ground for both the 07:00 and 13:00 LT soundings. shear layers, Fig. 5b ) below the diagnosed ML heights of about 7.8 km and 9.5 km, respectively.
383
The profiles of Ri B (Fig. 5c ) suggest that this entire layer is essentially turbulent (Ri B <0.25).
384
The COSMO simulations reveals qualitatively similar conditions, even if the diagnosed ML 385 heights at 13:00 and 19:00 LT would be substantially lower (6.3 km and 7.9 km, respectively, when more moderate depths as would be feasible from local energetics (see Fig. 4 and Section 3c). In Overall, the COSMO simulation for an example day during IOP 1 demonstrates that the model is 417 able to capture the vertical structure of the PBL over the TP (Fig. 5 ) and that this vertical structure 418 is that of a turbulent boundary layer (Fig. 6) To find systematic differences between days with low PBLs and days with high PBLs, we com-426 piled a 12-year climatology based on ERA-Interim data from 2000 to 2011 (see also Fig. 1) .
427
Because the PBL is highest in the afternoon, the 06:00 UTC analysis is used, which corresponds 428 to 14:00 LT.
429
In Fig. 7 , we show composites of meridionally aligned vertical cross-sections (at Gerze's lon- shallow PBL is a consequence of the meridional variation in topography.
442
The upper-level structure in March clearly differs between low-PBL and high-PBL days. On PV anomaly aloft is reduced (i.e. the jet is displaced to the north) the smaller is the potential for
454
PBL growth due to reduced stability.
455
The horizontal structure of the jet stream over the TP region can be seen from Fig. 8 March. The jet is not only stronger on days with high PBLs but is also more zonally uniform than 458 during days with low PBLs. This difference is also reflected in the shape of the 2 PVU isoline at 459 200 hPa (white line). In June, there are only slight differences at 200 hPa between the high-and 460 low-PBL days.
461
To investigate the influence of the upper-level structure on PBL height more systematically, we 462 extract N 2 averaged between 500 and 300 hPa (lower grey line segment in Fig. 7 ) and PV averaged 463 between 250 and 150 hPa (upper grey line segment in Fig. 7 ) for both the 00:00 UTC and 06:00
464
UTC analysis times between 2000 and 2011.
465
The top row in Fig. 9 shows scatter plots of PBL depth at 06:00 UTC (afternoon, LT) versus N 2 
